INTRODUCTION
Confinement of reinforced concrete columns using externally applied CFRP wraps significantly enhances the performance under axial load, bending and shear, because of the increase in concrete compressive strength, ductility, shear strength and higher resistance against buckling of steel reinforcement in compression. Many papers have been published to analyze the behavior of CFRP-confined (normal and high strength) concrete cylinders and columns. The list of references are discussed and summarized by Lorenzis and Tapfers [1] , and ACI 440 [2] . Very few papers are devoted to the investigation of the influence of CFRP confinement on low strength concrete, Ilki et al [3] , and Hassan and Ahmed [4] showed that for CFRP confined very low strength concrete cylinders ( ), there is a significant increase in compressive strength. Areem et al [5] used steel angles and battens for strengthening of deficient reinforced concrete columns ( ). Yahia [6] used GFRP strips for strengthening of low compressive strength short columns ( ). The results showed that both load carrying capacity and ductility of the strengthened columns could be significantly improved. There are cases that occasional deficient concrete batches are inevitable where the furnished strength fall below the value called by the designer. It sometimes falls below the minimum structural concrete specified by ACI Code [7] . For concrete designed and The paper presents results of an experimental investigation carried out on reinforced, low strength concrete columns strengthened by Carbon Fiber Reinforced Polymers (CFRP). The columns were tested under concentric compression until failure. The shape and the slenderness of the column, the thickness and the configuration of confinement were the basic parameters considered in the experimental program. The main objective of the investigation was to study the effectiveness of using CFRP as an external strengthening method to increase the ultimate load of the low concrete strength columns. Using the CFRP enhanced the ultimate load of the columns for all specimens, the increase in ultimate load ranges between 15 % and 291 % compared to the control specimens. The partial confinement is not as effective in increasing the column ultimate load as compared with full confinement. The CFRP confinement is not as effective in increasing the ultimate load of square columns as for circular columns. The gain in ultimate load increases as the number of CFRP wraps. The strength behavior was affected by the cross-section shape and slenderness ratio. In the search of previous work on the CFRP confinement of deficient columns (low compressive strength concrete), it is found that no investigation has been reported, so that, the aim of this study was generated from this point. The purpose of this study is to evaluate the performance of using CFRP in strengthening deficient reinforced concrete columns. The study includes studies proposed parameters, which are stated as follow: 1. Column cross section shape. 
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EXPERIMENTAL PROGRAM CONCRETE MIX
Ordinary Portland cement, gravel, natural sand and water were used to prepare the concrete. The maximum coarse aggregate size was 20 mm. the water cement ratio was 0.67. The concrete mix proportion is given in Table  (1). The concrete was cast, compacted, finished, demolded, and cured for 28 days in an ASTM standard curing room with 100% relative humidity. The 28 day compressive strength of the unconfined concrete was determined using standard 150.4 mm by 300.8 mm cylinders per ASTM 39. The 28-day compressive strength was found to be 16 MPa.
Steel reinforcements
All concrete specimens were reinforced with longitudinal reinforcement consisting of Ø 8 mm diameter deformed bars. Ø 6 mm diameter deformed bars were used as transverse reinforcement, Table ( 2) shows the properties of the steel bars used in the present study.
MOULDS
Timber moulds having cross sections of 133 mm x 133 mm (square section) and 150 mm in diameter (circular section) with different three heights were used for casting the specimens.
CASTING AND CURING
The steel cage was positioned in the center of the mould, then the mixture was poured in 3 layers each layer was given 25 blows using 18 mm diameter standard steel rod. Later further compaction was made by striking the moulds gently with a rubber hammer to exclude the remained air bubbles. The top surface of the concrete then finished by the mean of trowel and the specimens were left inside the moulds for 24 hours to harden. After demolding the specimens were placed in water tank and cured at a temperature of ( ). At the end of curing the specimens were removed from the water tank and left in the laboratory to dry for 3 days before wrapping with CFRP sheets.
Carbon Fibers and Epoxy Resin
The composite system consisted of carbon fiber Sikawrap ® -230 C and epoxy based resin Sikadur ® -330 for impregnation. The carbon sheets, breadth 500 mm and thickness 0.166 mm, were supplied in rolls of 50 m. The mechanical properties of the CFRP and epoxy resin, taken from product catalogues of the manufacturer, are presented in Table (3) and  Table ( 4), respectively.
SPECIMEN PREPARATION WRAPPING PROCEDURE
The wrapping followed the procedure per the specifications of the Sika® Company, first the carbon fiber were cut into the required length and width. A 100 mm overlap was provided for one wrap. Illustration of the wrapping process are shown in Figs (1) and (2). Prior to wrapping, the specimens were dry and clean.
The wrapping process investigated involved manual laying of unidirectional carbon fiber sheets on epoxy-saturated surfaces. The installed sheets had a fiber orientation configured along circumferential direction of the specimens. A thin layer of primer epoxy was first applied to the concrete surface then the fiber carbon sheet is installed on the circumference of the specimen. For each layer of carbon fiber sheet, two plies of epoxy, one on the specimen surface prior to installing the sheet and the other on the surface of the installed sheet, were applied using paintbrushes or rollers to fully saturate the layers with epoxy. The extra epoxy for each layer was squeezed out to consolidate the fiber carbon. During the wrapping a space of 5 mm at the top of each specimen was left clean for the capping. Twelve samples were left without wrapping for bench marking purposes. After wrapping, the specimens were left to cure within 10 days according to manufacturer's recommendations.
CAPPING PROCEDURE
The capping process is important to ensure a plane surface in order to distribute the load. Before testing, all the specimens were capped using gypsum paste according to recommendation of ASTM C617 specification [8] . For capping, gypsum paste was prepared, the dry gypsum was sieved on No. 16 sieve to remove the deleterious substances.
DETAILS OF TEST SPECIMENS
A total of 60 specimens were prepared. The variables covered in the present work included: (a) column cross section shape, (b) number of CFRP layers, (c) replacing full wraps with strips of CFRP (partial wraps), and (d) height to cross-sectional ratio (H/D). Fig (3) shows the dimensions and reinforcement details of the two types of specimens. The details of the specimens can be seen in Table (5) . Each test specimen is described by four characters. The first character is S or C indicating the shape of the column, where S stands for square columns and C for circular columns. The second character is the number 0, 1, or 2 indicating the number of CFRP sheets used for strengthening. The third character is the letter N, F, or P, representing the wrapping process indicating no, full, and partial wrapping, respectively. The last character is the number indicating the H/D ratio.
TEST
MEASUREMENTS AND INSTRUMENTATION
The specimens were tested and loaded to failure under increasing compressive load using a standard testing machine with a maximum capacity of 3000 kN. The rate of loading was constant and kept to 0.4 MPa/sec. All measurements of axial and lateral deformations were recorded using vertical and horizontal strain gauges fixed at the mid-height of the specimens . Fig (4) shows the testing process of the specimens. Table ( 6) and Figs (5 through 10) present the experimental test results; ultimate load (failure load), the modes of failure and the axial loadaxial and lateral strain relationships. Each test data represents the average value from two identical specimens. In order to show the effect of the confinement, the load-strain curves are redrawn, Figs (11 through 16) in dimensionless form. It was shown that there was a noticeable improvement in ultimate load and maximum strains (ductility) for the low strength reinforced concrete columns due to the confinement provided by the CFRP. The failure of the confined specimens was dominated by crushing of the concrete or by the rupture of CFRP sheets, at an average strain much greater than the ultimate strain obtained from unconfined specimens as shown in Figs  (5 through 10) . The use of CFRP as continuous two wraps increased the ultimate load of the square and circular columns by 56 % and 291 %, respectively over the corresponding control specimens. Consequently, reinforced concrete columns with low strength or poor quality concrete can be wrapped by CFRP sheets for improved strength behavior. Table ( 6) presents the percentage increase in ultimate load of the circular and square specimens for different confinement conditions and slenderness ratios. Also, shown in the table the ratio of the percentage increase in the ultimate load of the circular confined columns to that of square columns. Fig (17) displays the ultimate load for the fully and partially wrapped square and circular columns. It is observed from the table and the figures that the improvement of behavior provided by CFRP confinement for circular columns is more effective than that of square columns.
EXPERIMENTAL RESULTS
STUDY OF THE EFFECT OF SOME IMPORTANT PARAMETERS EFFECT OF COLUMN SHAPE
The results showed that for the range of H/D used, the ratio of the gain in ultimate strength of the confined circular shape to that of the square columns varies from 3.7 to 4.1 and 4.5 to 5.2 for one and two layers of CFRP full confinement. For the case of partial confinement, the ratio varies from 3.9 to 3.6 and 4.2 to 4.3, respectively. This predicts that CFRP confinement is not as effective in improving the ultimate strength of square columns as compared to circular ones. This may a result of a stress concentration at the corners of the sections.
EFFECT OF CONFINEMENT CONFIGURATION
Comparing the columns strengthened with full CFRP and with partial CFRP, it is observed from Table (6) and Fig (17) that the full confinement provides an increase in the ultimate load and corresponding axial strain more than the partial confinement. Also, the full confinement restricts the lateral expansion of the concrete. Consequently, there is a decrease in the lateral strain of the column jacketed with full CFRP for the same level of axial load if compared with a column jacketed with partial CFRP. Finally from these graphs, one can conclude that the full wrapping gives strength higher than that of partial wrapping. For the range of H/D considered, the ratio of the gain in ultimate strength of one and two layers fully to partially confined square column varied from 1.8 to 2.0 and 2.8 to 3.0, respectively, thus, the use of CFRP as partial wraps is not as effective in improving the ultimate strength (ultimate load of the columns as compared to the full wraps confinement).
EFFECT OF NUMBER OF CFRP LAYERS
The influence of the number of full and partial CFRP layers on the behavior of the low strength RC square and circular columns, keeping the slenderness ratio constant, was studied. The results are presented in Table (6) . The relationship between the ultimate load of the specimens and the number of CFRP wraps are presented in Figs (18 and 19) . As seen in table and the figures, the improvement on the behavior becomes much more significant when the thickness of the wrapped CFRP composite jackets increase. For the square columns, the ratio of the increase in ultimate load of two to one layer full confinement varies from 1.65 to 1.97 and 1.11 to 1.13 for partial confinement. The values are 2.01 to 2.16 and 1.25 to 1.35 for circular columns. Thus, as the number (thickness) of wraps increases, the enhancement in ultimate strength becomes more significant.
EFFECT OF SLENDERNESS RATIO (H/D RATIO)
The range of H/D ratios used were 3, 3.5 and 4. Within these ranges, the columns can be considered as short ones. The variation of the ultimate load and the percentage increase in ultimate load with H/D ratio is shown in Figs  (20 through 23) . It is noticed from Figs (20) and (22) The larger the length of the column is, the greater is the vertical deformation, and hence the greater is the lateral deformation and therefore the greater is the effect of CFRP confinement.
CONCLUSIONS
Based on observations of the experimental work; the following conclusions are made for reinforced low strength concrete columns strengthened with CFRP strips.
1. External strengthening of the columns using CFRP can enhance the column capacity when the CFRP is adequately arranged. The partial confinement is not as effective in increasing the column capacity as compared to full confinement. For both types of confinement, the thicker the wrap, the improvement on the behavior becomes much more significant. 2. The CFRP confinement is not as effective in increasing the ultimate load of square columns as compared to circular columns. For H/D varies from 3.0 to 4.0, the ratio of the gain in ultimate load of the confined circular columns to that of the square columns varies from 3.7 to 4.1 and 4.5 to 5.2 for one and two layers of CFRP full confinement, compared with 3.6 to 3.9 and 4.2 to 4.5 for the case of partial confinement. 3. Within the range of H/D used, the effectiveness of CFRP confinement in increasing the column ultimate load increases as the slenderness ratio increases.
